Abstract. The present study tested the susceptibility and pathological changes of catla, Catla catla (Hamilton) infected with Edwardsiella tarda (ET-PG-29). The bacterium was isolated from the kidney of a diseased pangas catfish. To determine the median lethal dose (LD 50 ), C. catla were challenged with this bacterium (10 8 -10 3 CFU ml -1 ), and the LD 50 was calculated as 10 5.5 CFU ml -1 . Another set of healthy C. catla were injected intraperitoneally with the LD 50 dose to induce edwardsiellosis. The clinical signs of the infected C. catla were observed and recorded. Tissues such as kidney, liver, intestine, heart, and gill from the infected fish with clinical signs of edwardsiellosis were used for histopathology. The clinical and gross signs were first visible at 1 d post-injection, and the infected fish showed typical signs of hemorrhagic septicemia. The most striking histopathological features were found in the kidney which showed multi-focal necrosis with the formation of granuloma indicating an inflammatory response against the pathogen. The intestine displayed goblet cell hyperplasia, the liver showed hydropic degeneration with hyperemic central veins, and there was inflammation of gill lamellae and cardiac myositis associated with leucocyte infiltration. Collectively, the results confirmed the susceptibility of C. catla to E. tarda infection and that this bacterium is a threat to C. catla in aquaculture practices.
Introduction
Edwardsiellosis is a common fish disease caused by the bacterium Edwardsiella tarda, a facultative anaerobic Gram negative motile rod belonging to the family enterobacteriaceae (Plumb 1999) . This bacterium has a broad host range, infecting a wide range of reptiles, birds, and mammals, in addition to fish (Rao et al. 2001 ). E. tarda is an opportunistic pathogen and environmental stresses such as overcrowding, malnutrition, sudden changes of water temperature, pH, and fluctuations in dissolved oxygen contribute to the onset of the infection (Plumb 1993) . Infection by this bacterium can affect all fish life stages resulting in massive mortalities and associated economic losses (Mohanty and Sahoo 2007) . Edwardsiellosis, which causes hemorrhagic septicemia in different cultured fishes, has been reported in different parts of the world including India (Herman and Bullock 1986 , Mohanty and Sahoo 2007 , Xiao et al. 2009 , Shetty et al. 2014 ).
The cultivation of Indian major carps, such as catla, Catla catla (Hamilton), rohu, Labeo rohita (Hamilton), and mrigal, Cirrhinus mrigala (Hamilton) , is the mainstay of Indian aquaculture that contributes more than 80% to the total aquaculture production in the country (Lakshman et al. 2015) . Besides India, these species are also widely cultivated in several neighboring countries (Reddy 1999) . C. catla has been reported to be infected naturally by this bacterium (Swain and Nayak 2003) as well as by experimental infection Sahoo 2010, Devi et al. 2012) . Although a large-scale outbreak of edwardsiellosis has not been reported, the bacterium is a potential threat to the successful farming of catla owing to the high susceptibility of C. catla to this pathogen.
Pathological changes caused through natural or experimental infection by this bacterium have been studied in different fish species, but not in C. catla. In fish, this bacterium not only causes extensive skin lesions but several internal organs such as the liver, kidneys, and spleen are also affected (Mohanty and Sahoo 2007) . When a pathogen is able to penetrate the anatomical barriers of a host and causes infection, a non-specific inflammatory response is triggered initially. The inflammatory reaction to E. tarda infection varies among different fish species and can be characterized by histopathology. In some fish, the inflammatory response to E. tarda has been described as suppurative, whereas in others, it is granulomatous (Miyazaki and Kaige 1985) . There is, however, no report regarding the type of inflammatory response that occurs in catla infected with E. tarda. Thus, the present investigation was undertaken to elucidate the susceptibility and pathological consequences, especially the inflammatory reaction, in C. catla that were experimentally infected with E. tarda through intraperitoneal injection.
Materials and methods

Collection of fish and maintenance
Three hundred C. catla with body weights of 39.60 ± 3.06 g and without any visible clinical signs were obtained from our college farm located in Lembucherra, West Tripura, India and stocked in 1000 l indoor circular tanks supplied with dechlorinated tap water. The fish were free of E. tarda and parasitic infections which were confirmed by kidney cultures of randomly sampled fish, indirect ELISA for E. tarda antibody determination, and microscopy. The fish were acclimatized at the ambient temperature (28 ± 1°C) for three weeks with aeration and were fed twice daily with a pelleted diet prepared using locally available ingredients (Table 1) at the rate of 5% of body weight. The optimum physicochemical water parameters were maintained throughout the period of the experiment by daily 210 Thongam Bidya Devi et al. water exchange (up to 50%) to remove waste feed and fecal material.
Edwardsiella tarda
The pathogenic strain of E. tarda (ET-PG-29) used to infect the C. catla was isolated from the kidney of a diseased pangas catfish, Pangasius pangasius (Hamilton), during an outbreak. The biochemical characterization of the strain was done using conventional biochemical tests (MacFaddin 1980, Austin and Austin 2007) , a Rapid HiAssorted TM biochemical test kit (HiMedia, Mumbai, India), and an automated bacterial identification system (VITEK 2-Compact, BioMerieux, France). Hemolytic assays were done by spot inoculating the young culture of E. tarda from a tryptone soya agar (TSA; HiMedia) plate on to a sheep blood agar plate (HiMedia) and incubated at 30°C for 24 h. The strain was subcultured on TSA at 30°C four times at 15 day intervals. Before being used in the challenge study, the strain was injected intraperitoneally into C. catla and an isolate from kidney, grown on E. ictaluri agar (Shotts and Waltman II 1990) , was purified on TSA. The purified strain was confirmed as E. tarda according to the identification keys of Fisheries and Oceans Canada (2004) , and it was used immediately.
Determination of Median Lethal Dose (LD 50 ) of E. tarda
To determine the LD 50 of E. tarda, seven treatments (for six bacterial doses and one control) were replicated three times each. The treatments were allocated randomly in 21 tanks (500 l). Eight fish were stocked into each tank and were acclimatized (as described earlier) for one week. An overnight culture of E. tarda, grown in tryptone soya broth (HiMedia) was centrifuged at 5000 rpm for 10 min at 4°C, washed twice in physiological saline (0.85% sodium chloride), and then resuspended in the same solution to achieve a concentration of 10 9 CFU ml -1 . The number of cells in suspension was determined by spread plating on TSA and incubating at 30°C for 24 h. The bacterial suspension was subjected to ten-fold serial dilutions to obtain concentrations ranging from 10 8 to 10 3 CFU ml -1
. Two hundred microliters of each dilution was injected intraperitoneally into each of the fish. The control fish received 200 μl of sterile physiological saline instead of the bacterial suspension. The fish were reared at the ambient temperature (28 ± 1°C) and fed daily with the pelleted feed as described earlier. The mortalities were recorded daily for three weeks. Dead fish were removed from the tank daily. Based on the mortality data, the LD 50 of E. tarda was calculated with the method described by Reed and Muench (1938) .
Experimental infection
Experimental infection was performed in nine 500 l tanks containing ten fish each as described in our previous publication (Devi et al. 2012) . Briefly, fish in six tanks were anesthetized with MS-222 (100 mg l -1 ; HiMedia) and injected intraperitoneally (0.2 ml fish -1 ) with the LD 50 dose of E. tarda (10 5.5 CFU ml -1 ) as calculated previously. The anesthetized control fish were injected with 0.2 ml of physiological saline intraperitoneally. The fish were maintained as described previously. Clinical and gross signs of the injected fish were recorded. To confirm the cause of infection, bacteria were recovered from the kidneys of the challenged fish on EIA and their identities were presumptively confirmed by biochemical reactions as described in the identification keys (Fisheries and Oceans Canada 2004).
Histopathology
The fish used for histopathology were sampled every day for four days post-injection (DPI). On each sampling date, three infected fish with clinical signs of edwardsiellosis and also control fish were collected randomly for histopathology. The fish sampled were euthanized with an overdose of MS-222, immediately dissected, and different tissues such as the kidney, liver, intestine, heart, and gill were fixed in 10% buffered formalin. The fixed tissues were processed according to standard histopathological techniques and the tissue sections were stained with hematoxylin and eosin (H&E) (Presnell and Schreibman 1997) .
Results
Bacterial characterization
The strain isolated was a Gram-negative, fermentative, motile short rod, and was negative for cytochrome-oxidase, Voges Proskauer reaction, and ONPG, but it was positive for hydrogen sulphide production. It was a ã-hemolytic (non-hemolytic) strain as assessed on sheep blood agar. Phenotypic characterization and BioMerieux VITEK 2 -Compact data both confirmed that the strain was E. tarda.
Median Lethal Dose (LD 50 ) of E. tarda
Catla mortality after the challenge occurred continuously, and it increased with increasing bacterial concentrations except at the lowest dose (10 3 CFU ml -1 ) (Fig. 1) . The mortality percentage corresponding to different bacterial doses (10 8 -10 3 CFU ml -1 )
were 100, 87.5, 62.5, 37.5, 12.5 and 0%, respectively and the percent of fish with external clinical signs were 100, 100, 100, 87.5, 62.5, and 37.5%, respectively, during the entire three-week post challenge period ( Table 2 ). The first fish mortality was noted on the first day after injection in all the test groups, except at the lowest dose. All the fish exposed to 10 8 CFU ml -1 of bacteria died within four days of injection. In the group exposed to this highest concentration, the cumulative mortality of C. catla was 25% on day 1 DPI, 50% on day 2 DPI, and 100% on day 4 DPI. No mortalities were observed in the control tank. The median lethal dose (LD 50 ) for C. catla injected intraperitoneally with E. tarda was calculated as 10 5.5 CFU ml -1 .
Clinical and gross signs
The clinical and gross signs were first visible on day 1 DPI. Briefly, the infected fish showed typical signs of acute septicemia with cutaneous petechial hemorrhages, excessive mucus secretion over the body surface, and fin erosion (Fig. 2a) . In some fish, the injected area showed ulceration with edematous swelling at the injection site. The moribund fish became lethargic, lay on the bottom, and exhibited abdominal dropsy before death. Immediately following death the fish exhibited extensive hemorrhages and hyperemia on the ventral body surface and at the base of the pelvic and pectoral fins. As the disease progressed, abdominal dropsy with yellowish ascetic fluid was observed in some cases (Fig. 2b) . Internally, the kidney and liver became enlarged with septicemia changes. There was no mortality in the control group fish during the experiment. Clinical and gross signs were less pronounced after 7 to 8 days DPI and after 10 to 11 days DPI they were absent. The cause of infection was confirmed by the recovery of E. tarda on EIA from kidneys.
Histopathological examination
Different tissues including the kidney, liver, intestine, gill, and heart of the experimentally infected C. catla showed major histopathological changes. The kidney showed multi-focal areas of hemorrhage (Fig.  3a) after day 1 DPI. The typical granulomatous structure started to appear from day 4 DPI (Fig. 3b) . The catla liver was affected to a lesser degree and only hydropic degeneration in hepatocytes (Fig. 3c) coupled with hyperemic central veins (Fig. 3d) were observed on days one and two DPI, respectively. No granulomatous reaction was observed in the liver. The intestines displayed goblet cell hyperplasia (Fig.  3e) on day 3 DPI. Histopathological findings also showed an inflammatory response in the gills that was associated with cellular infiltration (presumably leucocytes) on day 3 DPI (Fig. 3f) . The heart muscle showed cardiac myositis with leucocyte infiltrations on day 2 DPI (Fig. 3g) . cells and bacterial cells, resulting in the formation of granulomas. As observed in the present study, granulomas commonly contained coagulated to caseated matter similar to that observed in tilapia after E. tarda infection (Miyazaki and Kaige 1985) .
Conclusion
In conclusion, this is the first study on the susceptibility and pathological changes of C. catla against E. tarda infection. The pathological signs and symptoms were typical for edwardsiellosis. Histopathological evidence indicated that the inflammation type following induced edwardsiellosis in fingerlings of C. catla (<50 g size) was granulomatous in nature. Thus, the study confirmed the susceptibility of C. catla to E. tarda infection and that this bacterium poses a threat to C. catla farming. Intraperitoneal injection is generally considered to be a reliable, quick, and easy challenge method. However, as this method allows bacteria to directly invade the intraperitoneal cavity, the role of anatomical barriers such as skin and mucus is bypassed (Itano et al. 2006) . Thus, it is necessary to study a more natural route of infection like waterborne transmission in order to fully understand the pathological consequences for C. catla.
